Seamless transfer of electronic information/data between ship-to-shore and vice versa and between ship-to-ship and shore-to-shore is being developed in the IMO e-Navigation strategy implementation plan (SIP). We have been focused on wireless LAN for ship-to-ship radiocommunication.
I. Introduction
"E-navigation is the harmonized collection, integration, exchange, presentation and analysis of marine information on board and ashore by electronic means to enhance berth to berth navigation and related services for safety and security at sea and protection of the marine environment." (IMO MSC 85/26/Add.1, Annex 20, 2009, p.1) IMO NAV (Safety of Navigation) and COMSAR (Radiocommunications and Search and Rescue) Sub-committees, currently NCSR (Navigation, Communications, and Search and Rescue) Sub-committee, agreed "the development of eNavigation strategy should be user-driven and not technology driven." (IMO COMSAR 11/18, 2007, p.43) So the development of the e-Navigation strategy was based on the user needs. In table 1, the use of wireless technology was addressed in the issues to consider the captured user needs (IMO NAV 56/WP.5/Rev.1, 2010, p.8). Furthermore, the system architecture of the e Navigation was based on 4S (Ship-to-Ship, Ship-to-Shore, Shore-to-Ship and Shore-to-Shore) communication. So we have been focused on Ship-to-Ship radiocommunication by using wireless LAN. 
Trial Sea Area
The trial sea area is shown in Figure 3 
Directional Antennas
The preliminary trial was carried out with a few types of directional antennas. Their specifications are shown in Table 3 . The following results were obtained in the preliminary trial.
The half-power angle of Yagi antenna was too narrow and the gain of the Cardioid antenna was too weak for ship-to-ship radiocommunication. So two types of Patch antennas were selected for the field trial. These antenna heights were 10m (T.S. Oshima-maru) and 6.5m (Subaru) above sea level (refer to Figure 1 and 2). 
Encounter Situation for the Field Trial
Two types of the encounter situation were set up for the field trial.
Encounter situation (1) The field trial was done by sailing a ship (Subaru) along the heading line of another ship (T.S.
Oshima-maru) moored to a pier (refer to Figure 4 ). When Subaru was leaving from T.S. Oshimamaru, the directional antenna of Subaru was set towards the stern side. Encounter situation (2)
The field trial was done by sailing both ships in parallel and head-on situation keeping enough distance (0.5 nautical mile, 900m) (refer to Figure 5 ). 
Measurement Items
The following items were measured in the field trial; the ships' position (latitude/longitude), speed and course over ground by GPS receivers, the heading angle (only T.S. Oshima-maru) by the gyrocompass, RSSI (Received Signal Strength Indication) and the throughput (average in 10 seconds) between two ships simultaneously. The distance of the two ships and the bearing angle were calculated by their position (latitude/longitude) and the heading angle data.
III. Trial Results
Encounter situation (1) Figure 6 and 7 show the trial results (RSSI and the throughput) of encounter situation (1). The antenna type and the ship's speed were as follows.
Antenna type: Patch (A) (both ships)
Speed of Subaru: 5 knots (9 km/h)
The longer the distance between two ships became, the lower RSSI became. The throughput was much faster than our target (1 Mbps) under the distance of 4,500m. At the distance of 1,100m, both RSSI and the throughput dropped down. The reason of this result was due to multi-path (2-path) model affected by the reflection of the sea surface. At the distance of over 2,000m, the throughput of encounter situation (2)A was faster than that of encounter situation (2)B. When the bearing angle defined in Figure 5 was narrow, RSSI and the throughput depended on the gain of the directional antennas.
On the other hand, at the distance of 1,500 ~ 2,000m, the throughput of encounter situation (2)B was faster than that of encounter situation (2)A. As the bearing angle became wider, RSSI and the throughput depended on the half-power angle of the directional antennas.
Referring to the antenna specification in Table 3 , these results were reasonable. However, the throughput was over 1 Mbps and the transferred data size was over 100 MB in any case. So the selected Patch antennas were suitable in the encounter situation for radiocommunication between ships. 
IV. Conclusions
Ship-to-Ship radiocommunication trial by using wireless LAN was carried out. Two types of the encounter situation were set up for the field trial. At the encounter situation (1), multi-path (2-path) model affected by the reflection of the sea surface was confirmed. At the encounter situation (2), the characteristics of the directional antennas such as half-power angle were confirmed. Selecting the suitable directional antennas, we achieved over 1 Mbps throughput between ships which was our target and showed the ability of the wireless LAN for Ship-to-Ship radiocommunication.
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